Treatment of Guillain-Barr e syndrome with a standard course of high-dose intravenous immunoglobulin (IVIg) results in a variable clinical recovery which is associated with changes in serum IgG levels after treatment. The neonatal Fcreceptor protects IgG from degradation, and a genetic polymorphism in its promoter region that influences the expression of Fc-receptor, may in part explain the variation in IgG levels and outcome. This polymorphism was determined by polymerase chain reaction in a cohort of 257 patients with Guillain-Barr e syndrome treated with IVIg. We could not demonstrate a relation between this polymorphism, the pharmacokinetics of IVIg, or the clinical course and outcome.
Introduction
Intravenous immunoglobulins (IVIg) is the first choice treatment for the Guillain-Barr e syndrome (GBS). 1 Patients with GBS are usually treated with a 5-day standard regimen of in total 2 g/kg bodyweight of IVIg, independent of disease severity. 1 A previous study showed that the serum IgG levels reached after 2 weeks vary largely between patients, and that a relatively low IgG increase is related to poor recovery. 2 At present it is unknown which mechanism determines this variation in the pharmacokinetics of IVIg. Identification of an underlying genetic factor(s) influencing IgG's kinetics would be a crucial step toward individualized dosing.
The neonatal Fc receptor (FcRn) protects IgG from degradation by binding and recycling IgG back into the circulation. [3] [4] [5] When saturated by supraphysiological levels of IgG, the excess IgG will be degraded instead of recycled. 3 The expression level of this receptor is influenced by a polymorphism in the promoter region of the gene-encoding FcRn. 6 A variable number of tandem repeats (VNTR) in the promoter of the FcRn alpha-chain gene, ranging from VNTR1-5, results in different expression levels of FcRn mRNA and protein. 7 Previous studies in immunodeficient patients showed that this polymorphism influences the pharmacokinetics of IVIg. 8 Patients homozygous for the VNTR3 allele (VNTR 3/3, relatively high FcRn expression) had higher IgG trough levels and higher IVIg efficiency than VNTR 3/2 heterozygous patients (relatively low FcRn expression). 8 We hypothesized that the VNTR in the FcRn promoter region influences the pharmacokinetics of IVIg in patients with GBS, thereby explaining the variation in IgG levels found previously and possibly the poor clinical outcome associated with a low IgG increase. This hypothesis was tested in a large cohort of patients for whom standardized serial serum samples and detailed clinical follow-up data were available. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
Materials and Methods

Patients
DNA and clinical data were available from 257 patients with GBS, previously included in clinical trials coordinated by our center that investigated the therapeutic effect of IVIg. [9] [10] [11] All gave informed consent after prior approval by the appropriate Institutional Review Board, additional informed consent was obtained for genetic studies. 12 All patients met the diagnostic criteria for GBS, 13 were included within 2 weeks of onset of weakness, and were treated with a standard regimen of IVIg of 2 g per kg bodyweight administered over 5 days. Additional serum samples obtained pretreatment, at 2 and 4 weeks, and at 3 and 6 months after start of IVIg were available from 98 (38%) patients to determine IgG concentrations. These 98 patients did not differ from the remaining patients with respect to demographic characteristics, treatment, disease severity at entry, or clinical course and outcome. The delta-IgG level (ΔIgG) was defined as the increase in IgG level after 2 weeks compared to the pretreatment sample. 2 Predefined measures for clinical course and outcome were used, including the GBS disability score (ranging 0-6, healthy death), the need for mechanical ventilation, and the Medical Research Council (MRC) sum score (ranging 0-60 [total paralysis -normal strength]) before treatment, at nadir and at 6 months. 13, 14 All samples were stored at À80°C until use.
Data collection
Genomic DNA was isolated from EDTA anticoagulated peripheral blood samples, using invicorb â MaxiBlood kit (Invitek, Berlin, Germany) according to the instructions of the manufacturer. The VNTR genotype was determined using the polymerase chain reaction (PCR) on GeneAmp PCR System 2700 according to Sachs et al., with minor modifications. 7 Briefly, 80 ng of DNA was added to a mastermix of 2 lL MgCl (25 mmol/L), 1.0 lL (12.5 pmol/lL) of both forward (5 0 -GGCTGGGGGTCTCGA CACT-3 0 ) and reverse (5 0 -AGTCTGGACCGAGCCCGC-3 0 ) primer (flanking the VNTR sequence), 0.5 lL deoxynucleotide triphosphate (dNTP) (20 nmol/L), and 0.2 lL Taq polymerase, in a total volume of 20 lL. Analysis of PCR products was performed using 2.0% agarose gels. We performed fluorescent fragment length analysis (GeneScan â ) according to the manufacturer protocols using a 6FAM labeled reverse primer (5 0 -(6FAM)GCGG GCTCGGTCCAGACT-3 0 ), in a select number of patients (n = 25) to validate the PCR and gel electrophoresis technique.
Statistical analysis
Statistical analysis was performed using SPSS (IBM Corp., Version 21.0. Armonk, NY, USA) and Graphpad Prism software (GraphPad Software, Version 5.0, La Jolla, CA, USA). The effect of VNTR genotype on IgG serum levels was tested with an independent samples t-test. Clinical outcome scores between VNTR genotypes were compared using v2-test for categorical data and independent samples t-test for numerical data. Mann-Whitney U test was used for nonnormal distributed numerical data. When necessary we corrected for confounding factors using ANCOVA, otherwise ANOVA was used. Survival analysis was performed by Kaplan-Meier analysis (log rank). Statistical significance was defined as a two-sided P < 0.05.
Results
PCR and gel electrophoresis analysis of DNA from 257 GBS patients identified five different FcRn VNTR alleles, resulting in 7 distinctive FcRn VNTR genotypes (Fig. 1) . The VNTR allele frequencies were 0.2% (VNTR1), 9.1% (VNTR2), 89.5% (VNTR3), 0.8% (VNTR4), and 0.4% (VNTR5). The distributions of allele frequencies followed the Hardy-Weinberg equilibrium. The two predominant genotypes were VNTR 3/3 found in 207 patients (80.5%) and VNTR 3/2 in 40 patients (15.6%). Other rarer genotypes were found in the remaining 10 patients Fig. 1) . The VNTR genotypes found by PCR were confirmed by fluorescent fragment length analysis (Fig. S1) .
Patients with the VNTR 3/3 genotype did not differ from patients with the VNTR 3/2 genotype regarding demographics or signs of preceding infection, with the exception of a higher percentage of males in the VNTR 3/2 group (Table 1 ). In the subgroup where IgG levels were available (n = 98), 82 patients (84%) had VNTR 3/ 3, 15 patients (16%) had VNTR 3/2, and 1 patient (1%) had VNTR 4/3. The mean dose of administered IVIg did not differ between the genotype groups: 135 (SD = 57 g) in the VNTR 3/3 subgroup and 146 (SD = 51 g) in the VNTR 3/2 subgroup. Serum IgG level before and at 2 and 4 weeks after start of IVIg and the ΔIgG did not differ between the VNTR 3/3 and VNTR 3/2 subgroups (Fig 2) . However, serum IgG levels at 3 and 6 months after IVIg treatment were higher in patients with VNTR 3/2 than in the VNTR 3/3 homozygotes (P = 0.004, Fig 2) .
The group of 247 patients (VNTR 3/3 and 3/2) was used to determine whether there was a relation between the VNTR genotype and the clinical course and outcome. The GBS disability scores and MRC sum scores did not differ between patients with various VNTR genotypes at entry, nadir, or at the end of follow-up (Table 1 ), or at important clinical assessment points (2 and 4 weeks, Table S1 ). In addition, there was no association between VNTR genotype and the time to regain the ability to walk independently or to improve 1 point on the GBS disability scale (Fig. S2 ).
Discussion
IVIg is used in a broad spectrum of disorders, either for replacement or immune modulation, and the pharmacokinetics of IVIg are important to facilitate personalized medicine. Metabolism of IgG is governed by FcRn and a polymorphism in the promoter region influences the expression of this receptor. 7 This study assessed whether a particular FcRn polymorphism in GBS patients treated with IVIg has an effect on the degree of increase in the IgG level; and whether it influences the course of disease in GBS. We found no association between this functional genetic polymorphism in the promoter region of the FcRn gene and the pharmacokinetics of IVIg, or with the clinical outcome after IVIg in patients with GBS.
The current knowledge of the pharmacokinetics of IVIg is largely based on studies in patients with immunodeficiencies receiving replacement therapy. 15 Pretreatment IgG levels (ranging from <1.5 g/L to <6 g/L) are important in these conditions for subsequent IVIg dosing. 15, 16 However, this cannot be extrapolated to GBS patients with normal serum IgG levels. A second difference is the treatment regimen, as most patients with immune deficiencies receive low dosages at regular intervals (~0.4 g/ kg/month). 16 In contrast, high-dose IVIg in GBS, superimposed on the normal endogenous IgG serum level, increases IgG by up to five times the normal serum level. 17 The concentration-dependent clearance of IgG and the role of FcRn herein is probably very different. A recent small study in multifocal motor neuropathy (18 patients were genotyped) treated with IVIg (same regimen as in GBS) found similar results to this work: no association between the polymorphism in the FcRn gene and the serum IgG levels. 18 However, we cannot completely rule out a small effect of FcRn polymorphism on IVIg pharmacokinetics. The 2-week interval between the pre-and posttreatment IgG-level measurement could mask more subtle differences, as found previously for immune-deficient patients requiring replacement therapy. 8, 16 Whether this possible small effect on IgG levels after treatment has any impact on clinical outcome is, however, unlikely, as we found no association between the FcRn polymorphism and clinical outcome in GBS. A study in lupus nephritis, a disease in which autoantibodies play a dominant role in the pathogenesis, also reported no association of the FcRn polymorphism with outcome. 19 This study was conducted in a representative cohort of patients with GBS who were treated with a standard course of IVIg. The distribution of the frequency of the various VNTR genotypes in the group of GBS patients was similar to that previously reported in healthy controls, indicating that this genetic polymorphism does not generally predispose to GBS. 7, 8 Although clinical data were available for the full cohort, IgG data were limited, and the apparent differences found at 3 and 6 months may very well be due to this limited group size.
Other factors influencing the turnover of antibodies or affecting FcRn expression could play a role: for instance, serum proteases degrading the IgG molecules or cytokineinduced regulation of FcRn expression, especially under the inflammatory conditions in GBS, could overrule the underlying genotype; [20] [21] [22] providing an explanation as to why the FcRn promoter gene polymorphism influences IVIg pharmacokinetics in immunodeficient patients on replacement therapy, but not patients with this inflammatory disease of the peripheral nerves.
Supporting Information
Additional Supporting Information may be found online in the supporting information tab for this article: Figure S1 . Fragment length analysis by Genescan of VNTR of the FcRn promoter region. Confirming the genotypes found by PCR gel electrophoresis: VNTR 5/3, VNTR 4/3, VNTR 4/2, VNTR 3/3, VNTR 3/2, VNTR 3/1, and VNTR 2/2. Red lines represent the size standard reference lines, used to size the PCR products and create the x-axis. Blue peaks indicate VNTR PCR product and the peak position on the x-axis indicates base pair size of product, from which the according VNTR genotype can be derived. Figure S2 . Cumulative proportion of patients who improve 1 point at the GBS disability scale (F-score) or regaining of the ability to walk unaided during follow-up. Table S1 . Clinical severity as scored at the end of the 1st, 2nd, and 4th week of 141 GBS patients based on variable number of tandem repeats (VNTR) in the promoter of the FcRn alpha-chain gene. Data are presented as mean (sd) or as number (percentage). ns= not significant; IVIg= intravenous immunoglobulin
